Because biochemical data suggest that iron is involved in lipid peroxidation (1, 2) and animal experiments have indicated that iron can promote ischemic myocardial injury (3) (4) (5) , these findings have prompted the study of iron in relation to coronary heart disease in humans. Several approaches have been utilized, but most investigators have considered as exposure variables either serum iron indicators or dietary iron intake. The evidence remains inconclusive; among studies utilizing biochemical exposure variables, some found a clear positive association (6) , whereas others found no, or even inverse associations (7, 8) ; among studies using dietary ascertainment instruments to evaluate iron intake, some found a positive association for iron intake in general (6) , other investigators found the positive association restricted to heme iron (9), derived mainly from red meat, whereas still others found no, or even inverse, associations (8, 10, 11) . We have previously reported results of a case-control study in Athens, Greece, in which we sought to explore the nutritional etiology of coronary disease (12) . Data concerning the iron content of Greek food and recipes have recently become available (13) . This, as well as the renewed interest on a possible relation of iron to coronary disease, prompted us to investigate this association in the Greek population using the available case-control data set.
MATERIALS AND METHODS
Between January 1990 and April 1991, 355 patients were hospitalized at a major teaching hospital in Athens, Greece, with a definite diagnosis of coronary disease based on either a first positive coronary arteriogram or a first electrocardiographically confirmed myocardial infarction, or both. Eligible controls were 603 patients admitted to the same hospital just before or after the coronary disease cases for minor diseases or conditions believed to be unrelated to diet. We obtained complete interviews from 329 coronary disease cases (93 percent of those eligible) and 570 controls (95 percent of those eligible). The demographic characteristics of the eligible cases and con-trols have been reported previously (14) . Among 158 men less than 60 years old with coronary disease, 91 had myocardial infarction; among 126 older men with coronary disease, 69 had myocardial infarction; among 18 younger women with coronary disease, eight had myocardial infarction; and among 27 older women with coronary disease, 13 had myocardial infarction. Among the controls, 230 had ear, nose, or throat problems, 89 were admitted for eye complaints, 104 were surgical or urologic inpatients, and 147 had other medical problems without evidence of current or past coronary disease. No attempt was made to match controls by age or sex.
The interviews were conducted in the hospital wards by four trained research assistants. All patients were asked to indicate the average frequency of consumption, over a period of one year before the onset of symptoms for the present disease, of 110 food items or beverage categories according to precoded levels of intake per month, per week, or per day. The frequency of consumption of different food items was eventually quantified in terms of the number of times per month the food was consumed, as previously described (12) .
We estimated iron (mg) and energy-generating nutrient (g) intakes for individuals by multiplying the nutrient contents of a selected typical portion for each specified food item by the frequency that the food was eaten per month and adding these estimates for all food items. Food composition data were derived from the University of Massachusetts nutrient database (12) and a Greek nutrient database (13) . The most important sources of iron in the Greek diet are bread and meat (15) ; in validation studies, the correlation coefficient between food frequency questionnaires and series of 24-hour recalls has been estimated to be around 0.35 (15) .
To investigate the relation of the estimated iron intake to risk of coronary disease, we compared the frequency distribution of cases and controls by age, sex, and iron intake levels. Next, we employed multivariate logistic regression using the SAS statistical package (16, 17) . We used a core model to control for interviewer's identity,-sex, age (in 5-year age groups categorically), years of schooling (0, 1-5, 6-11, S;12, ordered), duration of siesta (in half-hour intervals, ordered), height (in 5 cm intervals, ordered), Quetelet's index (in quartiles, ordered), regular exercise (yes, no), tobacco smoking (none, <20, ^21 cigarettes per day, ordered), drinking of alcoholic beverages (<1, l-<3, ^3 glasses per day, ordered), coffee drinking (<1, l-<3, ^3 cups per day, ordered), energy intake (in quintiles of kcal, ordered), total fat intake (in quintiles, ordered), and total carbohydrate intake (in quintiles, ordered) (14, 18) . We used broad categories for tobacco smoking, because, after adjustment for age and sex, we found that the correlation coefficient of cigarettes per day with iron intake was only 0.06, which suggests that tobacco smoking cannot be a strong confounder.
Among the nutrients evaluated in our earlier analysis (12), only total fat and total carbohydrate were found to have independent, positive and inverse respectively, associations with coronary disease risk. The remaining variables in the core model were included because of their established or presumed importance as risk factors of coronary disease. Initially, we did not include in the model risk factors for coronary disease that are thought to represent intermediate steps in the causal chain, if any, between diet and coronary disease (blood pressure, blood glucose, blood cholesterol) (19) (20) (21) . If, however, iron affects the risk of coronary disease through ways independent of blood pressure, blood glucose and blood cholesterol, any or all of these three factors could be confounders and should be controlled for. Therefore, analysis was repeated controlling also for these factors.
The main exposure under study, dietary iron intake, was evaluated in 50 mg incremental categories of estimated monthly iron intake. Table 1 shows the distribution of incident coronary disease patients and controls by sex, age, and estimated monthly dietary iron intake in mg. We observed a weak and nonsignificant positive association between iron intake and risk of coronary disease, after adjusting for sex and age through the Mantel extension procedure (22) . However, these data are not directly interpretable because several of the established risk factors for coronary disease may confound the association between iron intake and this disease.
RESULTS
We have subsequently modeled the data through unconditional multiple logistic regression controlling for 14 sociodemographic, life-style, and nutritional variables, as indicated in "Materials and Methods." Separate models were run for men and women, as well as for younger and older persons, using the cut-off point of 60 years. The results are shown in table 2. Overall, we found a weak positive association between iron intake and risk of coronary disease that did not reach statistical significance (p ~ 0.13). However, the association was statistically significant among both men (p ~ 0.04) and women (p ~ 0.006) aged 60 years or more, although the interaction terms with age were not statistically significant {p ~ 0.15). Controlling for systolic blood pressure and blood glucose did not affect the iron regression coefficients, but also controlling for blood cholesterol reduced these coefficients (table 2) . We have repeated all of the analyses focusing on dietary iron derived from red meat (heme iron). Using increments equal to the respective standard deviations to assure comparability of results, we found that results were qualitatively similar, but much weaker (closer to the null) than those concerning total dietary iron. These findings also indicate that the association, among older persons, of dietary iron intake with risk of coronary disease does not reflect an underlying association of meat intake with the risk of this disease.
DISCUSSION
The present study is a typical hospital-based casecontrol investigation and has some inherent strengths as well as several potential weaknesses. Nutritional intake ascertainment has the potential to cover the recent, as well as the remote past, whereas cohort investigations need to rely on repeated interviews or examinations in order to accomplish the same objective. Moreover, in the present investigation, response proportions were high and both cases and controls were interviewed in the hospital wards by experienced health professionals with little or no time pressure (14) . Concerns about comparability of cases and controls and possible information bias are legitimate in any case-control study, but the present investigation has revealed the expected risk profile for coronary disease and has demonstrated an inverse association between carbohydrate intake and coronary disease that has also been demonstrated in several recent investigations (11) . The documentation of several established associations in the present study indicates that no major bias has compromised the validity of this investigation with the exception of nondifferential misclassification-generated bias toward the null.
The hypothesis that high levels of stored iron increase the risk of coronary heart disease was proposed by Sullivan (22) in order to explain the lower incidence of this disease among premenopausal women on the basis of regular iron loss through menstruation. The iron hypothesis is compatible with animal (3) (4) (5) and ecologic evidence (23, 24) and has been invoked to explain the preventive potential of aspirin and cholestyramine on coronary disease mortality (25, 26) , as well as the beneficial effect of physical activity on the occurrence of coronary disease (27, 28) . Some support • Adjusted for interviewer's identity, sex, age (in 5-year intervals, categorically), years of education (0, 1-5, 6-11, £12, ordered), duration of siesta (in half-hour intervals, ordered), height (in 5 cm intervals, ordered), Quetelefs index (in quartiles, ordered), regular exercise (yes, no), tobacco smoking (no, <20, £21 cigarettes per day, ordered), drinking of alcoholic beverages (<1, 1-<3, £3 glasses per day, ordered), coffee drinking (<1, 1-<3, £3 cups per day, ordered), energy intake (in quintiles of kcal, ordered), total fat intake (in quintiles, ordered), and total carbohydrate intake (in quintiles, ordered).
t Also adjusted for systolic blood pressure (<120, 121-140, 141-155 mmHg, known hypertension, categorically), blood glucose (£100, 101-125 mg/dl, known diabetes mellitus, categorical), and blood cholesterol (<200, 201-270, 271-340 mg/dl, known hypercholesterolemia, categorical).
i Because of sparse data, three categories were used: <300, 300-349, and >350 mg. for the iron hypothesis has also been provided by pathoanatomic findings (29) and pathophysiologic considerations (30) . Two types of studies have explored a possible link between iron stores, or iron intake, on the one hand and incidence of, or mortality from, coronary disease on the other hand: those based on biochemical indicators and those that rely on nutrition questionnaires. Among the studies that have looked at biochemical indicators, serum iron concentration, transferrin saturation and serum ferritin have been used, and serum ferritin has been identified (31) as the best indicator of iron stores. A study among Finnish men (6) showed a strong positive association between serum ferritin and risk of acute myocardial infarction, but subsequent studies, using serum iron (8) , transferrin saturation (7), or serum ferritin (32) as exposure variables did not support the iron-coronary disease hypothesis. In another recent study (10) , transferrin saturation had a U-shaped relation with coronary disease mortality in women, whereas no significant association was found in men. More recently, similar findings were reported with respect to stroke incidence with a U-shaped relation evident among women, but not among men (33) .
Among studies that have explored iron intake through diet, Salonen et al. (6) reported that dietary iron intake, as well as serum ferritin, were positively related with the risk of acute myocardial infarction. Three other subsequent studies found no positive association (8, 10, 11) , and, in fact, one found an inverse association (11) between dietary iron and coronary disease. These were large prospective investigations, but ascertainment of exposure through a single 24-hour recall leaves substantial room for nondifferential exposure misclassification. In a very large cohort study of men, no significant association between total iron intake and coronary disease risk was found, but dietary intake of heme iron, mostly derived from red meat, was positively associated with incidence of fatal coronary disease, as well as nonfatal myocardial infarction (9) . The authors of several reviews have concluded that the collective evidence concerning the role of iron in the etiology of coronary disease is weak (34-37), but they were unwilling to dismiss the evidence altogether, particularly with respect to heme iron (36) .
The results of the present study do not reject the hypothesis that iron intake increases the risk of coronary heart disease and, to a certain extent, they appear compatible with the hypothesis. In the total data set, the positive association was neither strong nor statistically significant, and interaction with age also was not statistically significant. However, among older persons, in particular women, there were monotonic and significant or nearly significant associations, especially if blood cholesterol was considered as a mediator of the iron effect and was not adjusted for. Restriction to older persons was not postulated in advance, but plausible biologic explanations can be invoked to explain the apparent effect modification of age. Thus, the ability to neutralize iron-generated oxidative stress may be reduced with age. Moreover, lower iron stores among women could explain why similar increments or iron intake have a proportionally higher impact in women than in men. The results of this study did not support the biologically credible hypothesis that incriminates heme iron more than nonheme iron in the etiology of coronary disease.
In conclusion, the present study provides some support for the hypothesis that dietary iron increases the risk of coronary disease and indicates that the causal link may be stronger among older men and particularly older women.
